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FOREWORD

The tests described in this report were conducted

under NASA Apollo Contract NAS9-150. This report

was prepared in accordance with Paragraph 5.5,

Exhibit I of NASA Apollo Contract NAS9-150.

The report was prepared by D.G. Cummings and

C. Mitchell of the Wind Tunnel Projects Group, Los

Angeles Division, North American Aviation, Inc.
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ABSTRACT

Tabulated and plotted results from force tests of

the 0. 105-sca!e Apollo FS-2 static force model in the

North American Aviation Trisonic Wind Tunnel

(TWT-90) at Mach numbers 0.4, 0.7, 1.2, and 3.5 are

presented. The test data consists of both stability

and body axis coefficients for the command module

with various apex-mounted strakes and escape tower

configurations.
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INTRODUCTION

Wind tunnel tests of the 0.105-scale FS-Z Apollo force model were

conducted at Mach numbers 0.4, 0.7, i. Z, and 3.5 to obtain aerodynamic

static stability characteristics of the command module with various strakes

and escape tower configurations.

The command module with strakes was tested at angles of attack from

-15 to +177 degrees. Supplementary data were also obtained with escape

tower configurations on the command module in angle-of-attack regions

from -5 to +95 and +130 to +160 degrees.

This report presents basic wind tunnel test data only, for the purpose

of providing test results aL L,__ earliest pos_o_ _+_. .............A_Iy_;_ a_,_d_r,,_,-,ary

of results will be reported later under separate cover.

- i -
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I. DISCUSSION

= ----I 11 Ii I i]r/']i'_l'l_lll

The primary objective of these tests was to determine Apollo post-

abort (before chute deployment) configurations which would eliminate the

command module (C/M) apex forward trim point (_60 degrees). The C/M

was tested in this trim range at Mach number 0.4 with three strake con-

figurations to determine which one produced the desired positive pitching

moment increment about the center of gravity. Upon determining the most

desirable strake configuration (C39L37), a more extensive investigation

through a greater angle-of-attack range (-15 to +177 degrees) at Mach

numbers 0.4, 0.7, l.Z, and 3. 5was conducted.

In addition, supplementary C/M data were obtained with full length

"nou,_g._s_" _..........._ configurations, used as an alternative to strakes. To

provide additional positive pitching moment in the apex forward trim region,

four of the upper tower bays were filled with flat plates (Figure 7).

This configuration eliminated the original apex forward trim point ((_60

degrees), but at M = 3.5 it produced an area of marginal instability at

_I0 degrees. To reduce the tendency to trim at (_I0 degrees the two

lower tower plates, which were producing negative pitching moment at low

angles of attack, were removed, yielding a positive pitching mom_ent

increment of 0.009 in this region (Figure 8).

Data were computed using two center-of-gravity locations. The

primary location (presented as Cmcg I data; X/D = -0.686, Z/D = 0.059)

was defined as the reference center of gravity used for Apollo wind tunnel

testing. The second location (presented as Cmcg Z data; X/D = -0.638,

_/D = 0.0545) was at the command module center of gravity per the July

weight statement.

The entire testprogramwas run atanangle of attack ((_) sweep rate of

4 degrees per second with the exception of one run which was made at a

sweep rate of 3 degrees per second for a check on sweep rate effects. No

effects were observed. The high sweep rate was necessary to complete the

full 3Z degree sector angle-of-attack range in the allotted run time

(maximum Reynolds number runs).

At Mach number 0.4 a run was made at a minimum Reynolds number

of 5.0 x 106 for comparison with the maximum Re at ii. 3 x 106. This run

was made in the angle-of-attack range (_ = +65 to +97 degrees.

:-_:-_ t_._* A_ _continuitiesMany of the plots at the low iviach nulnbers _ ............

exist in the data between the 8:60 degrees and 80 degrees models. It is

- 3-
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considered that the 0 = 80 degrees data are correct in this _ range since the

sting passes through the conical portion of the C/M rather than the heat

shield as it does at 0 = 60 degrees. Previous flow visualization studies

of Reference 1 indicate that when a sting mounts through the heat shield

( 0 = 60 degrees) it Could produce large fozce and moment effects in this

angle-of-attack range.
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II. MODEL DESCRIPTION

GENERAL

The 0. 105-scale Apollo FS-Z model was modified to provide for the

addition of aerodynamic strakes to the command module, C 2. These strakes

were mounted on the command module apex and forward conical surface via

a "cap-like" structure which was contoured to fit over the apex. The present

escape tower ("hourglass" design) was also modified by the addition of flat

plates to fill the small triangular open areas at the top of the tower. With

these tower configurations installed, the command module was designated

C39 because of the exposed tower leg wells (Figure 2).

The three basic FS-2 command modules were used to provide model

axis of symmetry to balance center-line angles (8) of 0, 20, 40, 60, 80,

i00, 120, 140, and 160 degrees.

Structural integrity of the basic model is investigated in the structural

analysis report of Reference 3.

INSTRUMENTATION

Six-component force and moment data were measured with the revised

2-3/4 inch Task Mark I-A internal balance which was mounted on the sting

a s s embly.

Base pressure was measured by a +5 psia Statham differential pressure

transducer, type PM6±5-700. Mercury manometers were used for

preselected reference pressures.

-5-
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MODEL NOMENCLATURE

The following nomenclature was used for model components in this

test:

Symbol

C 2

C39

De s c r ipti on

Command Module

Command Module (with tower leg

attachment cavities exposed)

L36 Strake

L37 Strake

L38

TZ6

T30

T31

FULL-SCALE DIMENSIONS

Strake

Tower Structure

Tower Structure

Tower Structure

Drawing No.

71ZI-01077

-3, -4, -5, -19,

-Z0, and -21

7121-01091

Rework from -4,

-7, and -14

7121-0171-2

Figure No.

2

The full-scale dimensions of the components are presented in the

following listing:

Command Module, C 2

Maximum diameter = 154 inches, radius of spherical heat

shield = 184.8 inches, corner radius = 7. 7 inches, afterbody

semivertex angle = 33.0 degrees, afterbody vertex

radius = 9. 15 inches.

Command Module, C39

Same as C 2 except tower leg attachment cavities are left

exposed.

SID 63-i035
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Strake, L36

Apex mounted with supporting cap. The supporting cap, whose

base is located 47.57 inches aft of the command module apex,

consisted of ablation material with a i. 43 inch uniform thick-

ness, 9. 15Z inch inner apex radius, and a 33.0 degree vertex

s emiangle.

The strake is paddle shaped, symmetrical about the module

centerline, and mounted to the supporting cap in the yaw

plane.

Dimensions of strake located radially at _ = 90 degrees.

Forward end is located 21.50 inches forward of module apex.

Length (measured along n_odule centerline) = 69.07 inches

and thickness -- 1.81 inches. The strake is double tapered

with the first taper beginning 21.50 inches forward of module

apex and i0.62 inches from module centerline; the second

taper begins 23.75 inches aft of module apex and Z0.95 inches

from module centerline. Forward face and first tapered

surface are joined by an arc of 4.00 inches radius; aft end

of the second tapered surface and base of supporting cap are

joined by an arc of i. 00 inch radius.

Strake, L37

Same as L36, except there is an additional fairing added to

the back of the second tapered surface. Forward face of

fairing is perpendicular to module centerline and located

27.57 inches aft of module apex. Length (measured parallel

to module surface) = 38.81 inches and height above module

surface = 12.00 inches. Forward face and back (also aft

face and back) are joined by an arc of 4.00 inches radius.

Strake, L38

Similar to L36, except strake is single tapered; taper begins

ZI.50 inches forward of module apex and 14.00 inches from

module centerline, and ends 47.57 inches aft of module apex

and 34.00 inches from module centerline.

Tower Structure, T26

Length = 113. 14 inches. Diameter of longitudinal

members = 3.57 inches (4 members) and diameter of cross

braces = 2.38 inches. Distance between attach points at com-

mand module = 46.76 inches and at escape motor -- 36.07 inches.

- 7 -
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Tower Structure, T30

Same as T26 with the four small triangular open areas (each

bounded by the ring and two cross braces) at top of tower filled.

Tower Structure, T31

Same as T30 with the two small areas below tower centerline

left open.

-8-
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III. TEST PROCEDURE

TEST NOMENCLATURE

Mo

P
O

H o

TT o

q=Q

Pb

RN

Test section free-stream Mach number

Test section free-stream static pressure, ib/ft Z

Test section total pressure, Ib/ft Z

Test section free-stream total temperature, deg

Test section free-stream dynamic pressure, ib/ft Z

Base pressure coefficient, Pb - Po/Q

Reynolds number x 10 -6 based on reference diameter

Angle of attack of model axis of symmetry

(zero for apex _....... '_ _g

Angle of yaw of model, deg

Angle between balance axis and model axis of symmetry,

deg

A Model reference area, 1.4Z61 ftZ (maximum cross-

sectional area of command module)

d = D Model reference diameter, 1.3475 ft (maximum diameter

of command module)

Distance along model C_ from command module apex

to center of gravity, inches; negative when aft of apex

z Perpendicular distance from model _ to center of

gravity, in., positive when below model _z_.

Stability System of Axes With Origin at Center of Gravity

Drag coefficient, drag/qA

Lift coefficient, lift/qA

x

,CD

C L

- 17-
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CmS = Cmcg

Cy

CnS

C_S

L/D

Pitching moment coefficient, pitching moment/qAd

Side force coefficient, side-force/qA

Yawing moment coefficient, yawing mmnent/qAd

Rolling moment coefficient, rolling moment/qAd

Lift-to-drag ratio, C L/C D

Body System of Axes With Origin at Center of Gravity

C A

C N

CnB

C_ B

Axial-force coefficient, axial force/qA

Normal force coefficient, normal force/qA

Yawing moment coefficient,

Rolling moment coefficient,

yawing moment/qAd

roiling moment/qAd

Body System of Axes With Origin at Command Module Projected Cone Apex

Cm A

Xcp(N)/D

Xcp(Y)/D

Subscripts

S

B

i

2

Pitching moment coefficient about the apex, pitching

moment/qAd

Center of pressure location in the normal force direction

measured in C/M diameters from cone apex (CmA/CN),

negative when aft of apex

Center of pressure location in the side force direction

measured in C/M diameters from cone apex (CnA/CY),

negative when aft of apex

Note: CnA, yawing moment coefficient about the apex
is not printed out

Referenced to the stability axes system

Referenced to the body axes system

Referenced to Apollo standard reference center of gravity

Referenced to current command module center of gravity

- 18-
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MODE L INSTALLATION

The FS-2 Apollo model was mounted on the Task 2-3/4-inch MarkI-A

internal balance (supported by the 7121-01082 sting). The sting was mounted

on the H-998 fixed sting support on the H-82Z-3 sector head. The sector

was located so that the center of rotation was at tunnel station 3735 for

subsonic and transonic testing and at tunnel station 3563 for supersonic

testing.

During the operation of this test in Trisonic Wind Tunnel, sector

angle-of-attack ranges of -5 to +Z7, -i0 to +ZZ, and -15 to +17 degrees

were used. These ranges, combined with the offset angles (0 = 0, Z0, 40,

60, 80, I00, IZ0, 140, and 160 degrees) of the three command modules,

....._vv_c_:;n angle -_`-=_=_._**_ucoverag_ ...._- the com.mand ........_nclu]efrom -15 to +177

degrees.

A typical tunnel installation is shown in Figure 9.

INSTRUMENTATION

The electrical output of each force element passed through an analog-

digital converter and was recorded on magnetic tape. An ALWAC III-E

digital computer was used for data reduction.

Schlieren still photographs were taken at M o = 3.5 and installation

photographs were taken of all configurations. These pictures are presented

in Figures i0 throt_gh 14 of this report.

DATA REDUCTION

Data were reduced from the data master tapes on the TWT ALWAC

III-E digital computer. ALWAC program A033, which incorporates force

and moment equations (outlined in Reference Z), was used.

All angle-of-attack data were corrected for sting and balance deflection.

Although base pressure was measured, no corrections were applied to the

data for base drag.

Force and moment coefficients were computed, based on the following

geometric constants. (See sketch on following page. )

A = Model reference area, 1.4Z61 ftZ (maximum cross-sectional area)

D = Model reference diameter, 16. 17 in. (maximum diameter of

command module)

- 19-
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The two reference center of gravity locations for the command module

are as follows:

(_/D)I = -0. 686 and (_/D) 1

of gravity)

= 0. 0590 (Apollo standard reference center

(_/D)z = -0.638 and (_/D) 2 = 0.0545 (Current command module center

of gravity)

DATA ACCURACY

The balance and recording instrumentation were set to provide maxi-

mum possible sensitivity within the capabilities of the amplifying

instrumentation. The probable coefficient errors at each test condition

are shown below:

Mach RN x i0"6 +C N _*CA _Cmcg I _+Cmcg 2 ±CmA K7 L IC D

0.4

0.4

0.7

1.2

3.5

5.0

11.3

13.0

14. 2

17.0

O. 0037

O. 0025

0.0019

0.0014

O. 0017

0.0054

0.0029

0.0022

0.0016

0.0025

O. 0021

0.0011

0.0007

O. 0005

O. 0007

0.0021

0.0011

0.0007

0.0005

0.0007

O. 0033

O. 0020

O. 0015

O. 0011

O. 0013

O. 0054

0.0027

0.0019

0.0017

0.0018

0.0041

0,0029

0,0022

O. 0017

0,0024

ZO-
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c 2  L37 (8= 160') 

Figure 10. Command Module With Strake Configurations 
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PLOTTED DATA INDEX

Command Module Characteristics -- CN, CA, CmA ,

(Xcp) N/D, C L, CD, L/D, Cmcgl, Cmcg 2

Configuration C2L36:

Mo = 0.4 (Effect of a sweep rate)

Configuration C2L36:

Mo = 0.4

Configuration CzL37 :

Mo=0.4 .

Configuration C2L37 :

Mo = 0.4 (Effect of Reynolds No. )

Configuration C2L38:

Mo= 0.4

Configuration

Mo= 0.4

Configuration

Mo= 0.4

Configuration

Mo= 0.7

Configuration

Mo= 1.2

Configuration

Mo= 3.49

Configuration

Mo = 3.49

Configuration

Mo = 3.49

C39T26:

C39T30:

C2L37:

C2L37:

C2L37:

C39T30:

C39T31:

A-3 to A-II

A-12

A-21

A-30

A-39

A-48

A-57

A-66

A-75

A-84

A-93

A-102 to A-f10

A-2
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RUN INDEX
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8

(deg)Config.

C2L36 60 45 to 77

C2L38 80 65 to 97

0 -15 to 17

C2L37

C39T30

Nominal

Range

(deg)

20 5 to 37

40 25 to 57

60 45 to 77

80 65 to 97

I00 85 to I17

120 105 to 137

140 125 to 157

160 145 to 177

0 -5 to Z7

40 25 to 67

80 65 to 97

140 125 to 157

C39T26 80 65 to 97

C39T31 0 -5 to 27

* Sector sweep rate = 3°/sec.
.t_.i...... Repeat blows.

5.0

2O

Run Number

0.4 0.7 1.2

11.3 13.0 14.2

I* 2

6

17

ll

16

8, 14**

7

9

I0

18

19

43

44

41

42

24 35

39

26 33

28 31

21 40

22 38

27 32

29 3O

3.5

17.0

56

53

57

48, 54**

55

61

63

62

5O

47

46

64

All other blows at 4°/sec.

B-2
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DATA FORMAT

l ,

,

.

The key to reading the tabulated data is as follows:

The first two lines at the top of each page contain the following
identification:

TWT 90 = Trisonic Wind Tunnel Test number 90

Blow XX = Blow number

Conf = Configuration tested

First Page - Tunnel Conditions

BN = Block number, identifies block of data

computed

ALPHA = Angle of attack, deg

YAW = Angle of yaw, deg

MACH = Test section Mach number

RN = Reynolds number x 10 -6 (based on command

module diameter, 16. 170 inches)

HO = Test section total pressure, psfa

PO = Test section static pressure, psfa

Q = Test section dynamic pressure, psf

TTO = Test section total temperature, deg Rankin

DEC = Number of decimal places to left or last

digit

Second Page - Body axis data and balance chamber pressure

BN = Block number, identifies block of data

computer

B-3 .... IFIP ........
SID 63-1035
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.

ALPHA =

YAW =

CA =

CN =

CNB =

CLB =

XCPN =

XCPY =

PB =

CMA =

DEC =

Angle of attack, deg

Angle of yaw, deg

Axial force coefficient

Normal force coefficient

Yawing moment coefficient about Apollo

standard reference c.g., body axis

Rolling moment coefficient, body axis

Location of normal force center of pressure

divided by the command module diameter

Location of side force center of pressure

divided by the command module diameter

Balance chamber pressure coefficient

Pitch moment coefficient about the command

module apex

Number of decimal places to the left of

last digit

Third Page - Stability axis data and lift to drag ratio

BN =

ALPHA =

YAW =

CD

CL =

CMSI =

CY =

Block number, identifies block data

computed

Angle of attack, deg

Angle of yaw, deg

Drag coefficient

Lift coefficient

Pitching moment coefficient about Apollo

standard reference c.g., stability axis

Side force coefficient

B-4
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CNS = Yawing moment coefficient about Apollo

standard reference c. g., stability axis

CLS = Rolling moment coefficient, stability

axis

L/D = Lift to drag ratio

CMS2 = Pitching moment coefficient about current

command module c. g., stability axis

DEC = Number of decimal place's to left of

last digit
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